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(54) Method for reducing the pyrogen 
content of or removing pyrogens from 
solutions contaminated therewith 

(57) A method for at least reducing the 
pyrogen content of a pyrogen- 
containing solution by contacting the 
solution with an adsorbent comprising 
a water-insoluble carrier and a nit- 
rogen-containing heterocyclic com- 
pound of the formula: 

R-A-X »> 

wherein R is a nitrogen-containing 
heterocyclic group; A is single bond, 
alkylene or alkenylene; X is hydrogen 
or a functional group; and the heter- 
ocyclic group and alkylene may be 
optionally substituted by one or more 
substituents, and the compound (I) 
being bonded to the carrier directly or 
through a spacer. The adsorbent may 
be packed in a column and the solution 
passed therethrough; trapped pyrogen 
may be washed from the column, which 
is then re-used. 
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SPECIFICATION 

M thod for reducing the pyrogen content of or r moving pyrogens fr m substances contaminated 
therewith 

5 5 
The present invention relates to a method for at least reducing pyrogens from various substances 
contaminated with them. 

Pyrogens are pyrogenetic substances which abnormally raise the body temperature of a homothermic 
animal in a very small amount When a pyrogen is directly intermixed with blood in the human body, for 
10 example, by intravenous injection of a medicine contaminated with it, apart from the main activity of the 10 
medicine, the pyrogen causes severe fever. It is said that, when this action of the pyrogen becomes serious, 
it causes severe fever accompanied with chill and shudder and, occasionally, death from a shock. 

Many substances such as bacterial substances, inflammatory substances, vegetable polysaccharides, 
blood type substances and the like have been known as pyrogens. Among them, bacterial substances have 
15 the most important influence on fever and are called bacterial toxins. Generally, bacterial toxins are 15 
classified into exotoxins and endotoxins. Particularly, an endotoxin acting as so called O-antigen, the main 
component of which is a cell wall-lipopolysaccharide (LPS) of a gram negative bacterium, has the strongest 
pyrogenicity. Once a substance is contaminated with such the pyrogen, it is very difficult to remove it from 
the substance. 

20 It has hitherto been known that pyrogens can be removed by various methods, for example, (1 ) by using 20 
charcoal, an ion exchange resin or the like to adsorb a pyrogen, (2) by decomposing a pyrogen with an acid 
or an alkali, (3) by oxidatively decomposing a pyrogen with an oxidizing agent such as potassium 
permanganate, aqueous hydrogen peroxide, sodium hypochlorite or the like, (4) by filtering off a pyrogen 
with an ultra-membrane filter, or the like. 

25 However, it is difficult to completely remove a pyrogen in one operation by these conventional methods. 25 
Moreover, there are some disadvantages in these conventional methods. For example, a medicament, from 
which a pyrogen should be removed, is also adsorbed by the above physical method (1) oris also 
decomposed by the above chemical methods (2) and (3). 

Under these circumstances, we have intensively studies and have now found that pyrogens are 

30 specifically adsorbed by an adsorbent comprising a nitrogen-containing heterocyclic compound bonded to a 30 
water-insoluble carrier directly or through a spacer. 

According to the present invention, there is provided a method for at least reducing the pyrogen content of 
pyrogen-containing solution by contacting the solution with an adsorbent comprising a water-insoluble 
carrier and a nitrogen-containing heterocyclic compound of the formula: 

35 ~ 35 

R-A-X d> 

wherein R is a nitrogen-containing heterocyclic group; A is single bond, aikylene or alkenylene; X is 
hydrogen or a functional group e.g. an amino, carboxyl or hydroxy group; and the hetrocyclic group and 

40 aikylene may be optionally substituted by one or more substituents, for example carboxyl or hydroxy, and 40 
the compound being bonded to the carrier directly or through a spacer i.e. a molecule introduced between 
the water-insoluble carrier and the nitrogen-containing heterocyclic compound to space or distance the 
compound from the carrier. 
The absorbent to be used in the present invention can be prepared e.g. by covalently bonding a 

45 nitrogen-containing heterocyclic compound (I) to a water-insoluble carrier directly or through a spacer. 45 
Examples of the nitrogen-containing heterocyclic compound of the present invention are that of the 
formula (I) wherein R is a nitrogen-containing heterocyclic group having for example an imidazole nucleus, 
pyrazole nucleus, pyrimidine nucleus, pyridazine nucleus, pyrazine nucleus, purine nucleus, acridine 
nucleus, triazole nucleus, oxadiazole nucleus, tetrazole nucleus, indazole nucleus, benzotriazole nucleus, 

50 benzopyridazine nucleus, benzopyrimidine nucleus, benzopyrazine nucleus or naphthyridine nucleus; A is 50 
single bond, an aikylene group having 1 to 12 carbon atoms e.g. methylene, ethylene, propylene, butylene, 
hexylene, octylene, decamethylene or dodecamethylene, or an alkenylene group having 2 to 12 carbon 
atoms e.g. vinylene, allylene, butenylene, hexenylene or octenylene; and X is for example hydrogen, amino, 
hydroxy or carboxyl. The nitrogen-containing heterocyclic group of R and an aikylene group of A may be 

55 optionally substituted with one or more substituents (e.g., carboxyl, oxo, alkyl, hydroxy, amino, alkoxy). 55 
Preferred examples of the nitrogen-containing heterocyclic compound are those of the formula (I) wherein R 
is a nitrogen-containing heterocyclic group having imidazole nucleus, pyrimidine nucleus, purine nucleus or 
acridine nucleus, A is single bond, ethylene or ethylene substituted with carboxyl, and X is hydrogen, amino, 
carboxyl or hydroxy. Particularly, the preferred compound of the formula (I) is histidine, histamine, urocanic 

60 acid, uracil, orotic acid, cytosine, 5-methylcytosine, 2-amino-4,6-dimethylpyrimidine, 2-amino-4-hydroxy-6- 60 
methylpyrimidine, adenine or 6,9-diamino-2-ethoxyacridine. 

As the water-insoluble carrier, any water-insoluble carrier which can be bonded to the nitrogen-containing 
heterocyclic compound (I) directly or through a spacer can be used in the present invention. Representative 
examples of the water-insoiuble carrier are those having a hydroxy group, amino group, carboxyl group or a 

65 halogen atom. Preferred examples of the water-insoluble carrier having a hydroxy group are a 65 
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polysaccharide (e.g. cellulose, agarose, cross-linked dextran, etc.), a hy d roxy a J Icy 1 polystyrene resin (e.g. 
hydroxyalkylated styrene-divinylbenzene copolymer, etc.), a polyvinylalcohol or the like. Examples of the 
water-insoluble carrier having an amino group are an aminoalkylpolysaccharide (e.g. aminoalkylcellulose 
such as aminoethylcellulose or aminohexylcellulose, aminoalkylagarose such as aminohexylagarose, etc.), a 
5 p-aminobenzylpolysaccharide (e.g. p.-aminobenzylceliulose, p-aminobenzylagarose, etc.), chitosan, an 5 
aminoalkylpo'ystyrene resin (e.g., aminoalkyiated styrene-divinylbenzene copolymer), a polyacrylamide, an 
aminoalkylpolyacrylamide (e.g. aminoethylpolyacrylamide, etc.), and an aminoalkyl-porous glass (e.g, 
aminopropyl-porous glass, etc.). Examples of the water-insoluble carrier having a carboxyl group are a 
carboxyalkyl polysaccharide (e.g. carboxya I kyl agarose such as carboxyhexylagarose or carboxypentylagar- 

10 ose, carboxyalkylcellulose such as carboxymethylcellulose, carboxyalkyl-crosslinked dextran such as 10 
carboxymethyl-crosslinked dextran, etc.), a carboxyalkylpolyacrylamide (e.g. carboxymethylpolyacrylamide, 
etc.), and a carboxylic acid resin (e.g. acrylic acid-divinylbenzene copolymer, etc.). Examples of the 
water-insoluble carrier having a halogen atom are a halogenoalkylpolystyrene resin (e.g. chloromethylated 
styrene-divinylbenzene copolymer, etc.). When a halogenoalkylpolystyrene resin is used, it can be used as it 

15 is or it can be converted into a more activated form. For example, a halogenoalkylpolystyrene resin can be 15 
converted into a dialkylthioalkylpolystyrene resin having activity higher than that of the halogenoalkylpoly- 
styrene resin by reacting the resin with dialkyl sulfide. 

Before bonding the water-insoluble carrier to the nitrogen-containing heterocyclic compound (I), a spacer 
may be introduced into the carrier or the compound (I). Representative examples of the spacer are the 

20 compounds of formulae: NH 2 (CH 2 ) n NH 2 , HOOC(CH 2 ) n COOH (or an acid anhydride thereof), NH 2 (CH 2 ) n COOH, 20 
or NH 2 (CH 2 ) n OH wherein n is an integer of 1 to 12. 

The introduction of the spacer into the carrier can be carried out, for example, by a method described in 
"KOTEIKA KOSO", I. Chibata Editor, pages 1 1 to 41, Kodan-sha, Tokyo (1975); "JIKKEN TO OYO AFFINITY 
CHROMATOGRAPHY", I. Chibata et. al., pages 86 to 90, Kodan-sha, Tokyo (1976); "Affinity Chromatogra- 

25 phy", C. R. Lowe et. al., pages 205 to 245, John Wiley & Sons, London, New York, Sydney, Toronto (1974); or 25 
United States Patent No. 4,090,91 9. 

For example, when the spacer is introduced into the carrier having a hydroxy group or the 
nitrogen-containing heterocyclic compound (I) having a hydroxy group, the carrier or compound is activated 
e.g. by a cyanogen halide (e.g. cyanogen bromide, etc.), a monoepoxide (e.g. epichlorohydrin, etc.), a 

30 bisepoxide (e.g. 1 ,4-bis(2,3-epoxypropoxy)butane, etc.), a halogenoacetyl halide (e.g. chloroacetyl chloride, 30 
etc.) and then, the resulting activated carrier or compound is reacted with the spacer having an amino group 
or hydroxy group e.g. NH 2 (CH 2 ) n NH 2 , NH 2 (CH 2 ) n COOH, NH 2 (CH 2 ) n OH. When the spacer is introduced into the 
carrier having an amino group orthe nitrogen-containing heterocyclic compound (I) having an amino group, 
(1 ) the carrier or compound is activated by reacting with an aliphatic diaidehyde (e.g. glutaraldehyde, etc.) 

35 and then, the resulting activated carrier or compound is reacted with the spacer having an amino group e.g. 35 
NH 2 (CH 2 ) n NH 2 , NH 2 (CH 2 ) n COOH, or (2) the carrier or compound is reacted with the spacer having a carboxyl 
group e.g. HOOC(CH 2 ) n COOH or NH 2 (CH 2 ) n COOH to form an acid amine. When the spacer is introduced into 
the carrier having a carboxyl group orthe nitrogen-containing heterocyclic compound (I) having a carboxyl 
group, the carrier or compound is reacted with the spacer having an amino group e.g. NH 2 (CH 2 ) n NH 2 or 

40 NH 2 (CH 2 ) n COOH to form an acid amide. Further, with the spacer is introduced into the carrier having a 40 
halogen atom, the carrier is condensed with the spacer having an amino group, carboxyl group or hydroxy 
group e.g. NH 2 (CH 2 ) n NH 2 , NH 2 (CH 2 ) n COOH or NH 2 (CH 2 ) n OH. 

In order to prepare the adsorbent used in the present invention by using the above carrier and the 
nitrogen-containing heterocyclic compound, the methods described in the above "KOTEIKA KOSO", pages 

45 1 1 to 41, "JIKKEN TO OYO AFFINITY CHROMATOGRAPHY", pages 30 to 82 and United States Patent No. 45 
4,090,919 are employed. 

For example, when the carrier having a hydroxy group (hereinafter shown as (p) -OH or 



50 ®Cnu > 50 



is used, the carrier is activated for example with a cyanogen halide (e.g cyanogen bromide, etc.), a 
monoepoxide (e.g. epichlorohydrin, etc.), a bisepoxide (e.g. 1,4-bis(2,3-epoxypropoxy)butane, etc.), 

55 halgenoacetyl halide (e.g. chloroacetyl chloride, etc.), and then, the resulting activated carrier is reacted with 55 
the nitrogen-containing heterocyclic compound having an amino group (i.e. R - A - NH 2 ), orthe 
nitrogen-containing heterocylic compound into which the spacer having an amino group has been 
introduced (hereinafter, both compounds are shown as ® -NH 2 ); or the nitrogen-containing heterocyclic 
compounds having a hydroxy group (i.e. R - A - OH) or the nitrogen-containing heterocyclic compound 

60 into which the spacer having a hydroxy group has been introduced (hereinafter, both compounds are shown 60 
as© -OH). 
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According to these processes, the adsorbents of the following formulae can be obtained: 

<£>-*°^C - N - © ® -OCO-NH- © © -Ojj-NH- © 
5 "° » 5 

<£> -0-CH 2 CH(0H)CH 2 NH- © 

® -0~CH2CH(OH)CH2-(CH 2 ) m -CH 2 CH(OH)CH 2 NH- © 

10 10 
®-0-CH 2 CONH-© 

®-0-COCH 2 NH-© 

15 © -0-CH 2 CH(0H)CH 2 ~0- © 15 

© -0-CH 2 CH(OH)CH 2 -(CH 2 ) m -CH 2 CH(OH)CH 2 -0- © 

20 wherein © and ©are as defined above and m is an integer of 1 to 16. 20 
When the water-insoluble carrier having an amino group (hereinafter, shown as® -NH 2 ) is used, (1) the 
carrier is activated with an aliphatic dialdehyde (e.g. glutaraldehyde, etc.), the activated carrier is reacted 
with the nitrogen-containing heterocyclic compound of© -NH 2 wherein © is as defined above, and then, 
the resulting Schiff base is reduced with a reducing agent (e.g. sodium borohydride, etc.); (2) the carrier is 

25 reacted with the nitrogen-containing heterocyclic compound having a carboxyl group (i.e. R - A - COOH) or 25 
the nitrogen-containing heterocyclic compound into which the spacer having a carboxyl group has been 
introduced (hereinafter, both compounds are shown as © -COOH) to form an acid amide; (3) the carrier is 
activated with a monoepoxide or a bisepoxide and then, the resulting activated carrier is reacted with the 
nitrogen-containing heterocyclic compound of © -NH 2 or© -OH; (4) the carrier is activated with cyanuric 

30 halide (e.g., cyanuric chloride) and then, the resulting activated carrier is reacted with the nitrogen- 30 
containing heterocyclic compound of© -NH 2 ; or (5) the carrier is diazotized and then reacted with the 
nitrogen-containing heterocyclic compound of © -NH 2 . 
According to these processes, the adsorbents of the following formulae can be obtained: 

35 ®-NHCH 2 (CH 2 ) m CH 2 -NH-© 35 

©-NH-CO-© 

® -NH-CH 2 CH(OH)CH 2 NH- © 
40 40 
© -NH-CH 2 CH(0H)CH 2 -0- © 

© ~-NH-CH 2 CH(OH)CH 2 (CH 2 ) m CH 2 CH(OH)CH 2 NH- © 
45 © -NH-CH 2 CH(OH)CH 2 (CH 2 ) m CH 2 CH(OH)CH 2 -0- © 45 

N V N 

50 1 50 

® -N = N - © 

55 wherein ®,©and mare as defined above. 55 
When the water-insoluble carrier having a carboxy group (hereinafter, shown as © -COOH) is used, the 
carrier is reacted with the nitrogen-containing heterocyclic compound of© -NH 2 to form an acid amide. 
According to this process, the absorbent of the formula: 

60 60 

©-CONH-© 



wherein © and © are as defined above, can be obtained. 
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Further, when the carrier having a halogen atom (hereinafter, shown as® -X, wherein X is halogen) is 
used, the carrier is reacted with the nitrogen-containing heterocyclic compound of © -NH 2 , © -OH or © 
-COOK 

According to this process, the absorbent of the following formulae can be obtained: 
5 5 
©-NH-© 

©-0-© 

10 ©-OOC-© 10 



wherein © and © are as defined above. 
When the nitrogen-containing heterocyclic compound of© -NH 2 or © -OH is used, the absorbent used 
15 in the present invention can also be obtained by reacting the compound with an expoxy compound and then 1 5 

reacting the resulting activated compound with the carrier of © -NH 2 or© -OH. Moreover, when uracil is 

used as the nitrogen-containing heterocyclic compound, the adsorbent can also be obtained by activating 

the carrier of © — NH 2 or® —OH with an epoxy compound and then reacting with uracil. 

In the adsorbent used in the present invention, the nitrogen-containing heterocyclic compound (I) which is 
20 the ligand is preferably bonded in an amount of about 2 to 300 umol per 1 g (wet form) of the absorbent. 20 

"Wet form" means wet weight, i.e. the weight of adsorbent obtained after filtering its aqueous suspension. 
Since the water-insoluble adsorbent thus obtained specifically adsorbs a pyrogen, a pyrogen-free solution 

can be obtained from a pyrogen-containing solution by contacting the pyrogen-containing solution with the 

adsorbent, followed by separating the solution from the adsorbent. 
25 A pyrogen-containing solution to be contacted with the adsorbent preferably has a pH value of 4 to 1 0 and 25 

a specific conductivity of 0 to 1 0 m mho. When a solution does not have these values then a pretreatment 

such as for example desalting, dilution or neturaiization can be effected to adjust the condition of the 

solution. 

When contacting a pyrogen-containing solution with the adsorbent, either a continuous process using a 
30 column or a batch-wise process can be employed, for example. 30 
For example, when a column is used, the adsorbent may be packed in the column and washed with a salt 
solution, water, a buffer solution and then, a pyrogen-containing solution is passed through the column to 
adsorb pyrogen on the adsorbent and to obtain a pyrogen-free solution as an effluent. In this case, a 
pyrogen-containing solution is preferably passed through the column at a flow rate of, generally, 2 to 13 of 
35 space velocity (SV). The ratio of a pyrogen-containing solution to the adsorbent is preferably about 5 to 1500 35 
ml of the solution per 1 ml of the adsorbent. 

On the other hand, when a batch-wise process is carried out, a pyrogen-containing solution is added to the 
adsorbent, the resulting mixture is then stirred to adsorb pyrogen on the adsorbent and then, the solution is 
separated from the adsorbent to obtain a pyrogen-free solution. In this case, the ratio of a pyrogen- 
40 containing solution to the adsorbent is preferably about 5 to 50 ml of the solution per 1 ml of the adsorbent. 40 
It is preferable to carry out the procedure at 4 to 50°C in both cases of a continuous process and a 
batch-wise process. 

Since a pyrogen adsorbed on the adsorbent can be removed from the adsorbent by successively washing 
with aqueous sodium deoxycholate, aqueous sodium hydroxide, aqueous sodium chloride and the like, the 
45 adsorbent can be used repeatedly. 45 
The method of the present invention can be employed for reducing the pyrogen content of a 
pyrogen-containing physiologically active substance, for example an amino acid (e.g. histidine, alanine, 
proline, etc.), a nucleic acid base (e.g. cytosine, etc.), an antibiotic (e.g. penicillin, etc.), a hormone (e.g. 
insulin, etc.), a vitamin (e.g. flavin adenine dinucleotide, etc.), a serum protein (e.g. albumin, etc.), an enzyme 
50 (e.g. urokinase, asparaginase, lysozyme, etc.), or an antibody (e.g. immunoglobulin, etc.). Moreover, the 50 
method of the present invention can be used for producing pyrogen-free water. 

The following preparations and examples further illustrate the present invention in detail but are not to be 
construed to limit the scope thereof. 
In the examples, the concentration of pyrogen was measured by the enzymological method using the 
55 enzyme in the extract of blood cells of Limulus and the synthetic substrate thereof (J. Med. Enzymol., 3, 43 - 55 
60 (1 978) and, optionally by the combination of Limulus test and Pyrogen test using rabbits described in 
Japanese Pharmacopeia IX, P-681. 

In the preparations, the content of the nitrogen-containing heterocyclic compound in the adsorbent was 
calculated from the difference between the result of ninhydrin reaction or UV absorption of the solution 
60 containing the compound before the reaction in the preparation and that of the washings after the reaction. 60 

Preparation 1 

(1 ) Sepharose CL-4B (trade name of an agarose derivative manufactured by Pharmacia Fine Chemicals, 
30 g., wet form) was thoroughly washed with aqueous 1 M sodium chloride and then water and suspended 
65 in water (45 ml). 2 N aqueous sodium hydroxide (19.5 ml) and epichlorohydrin (4.5 ml) were added to the 65 
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suspension and the mixture was stirred at 40°C for 2 hours. After completion of the reaction, the mixture was 
filtered and the residue was washed with water to obtain epoxy-Sepharose CL-4B. Epoxy-Sepharose CL-4B 
thus obtained was suspended in an 0.625 % aqueous solution of hexamethylenedtamine (120 ml) and the 
suspension was stirred at 60°C for 2 hours. The reaction mixture was filtered and the residue was washed 
5 with water to obtain aminohexyl-Sepharose CL-4B (32.8 g, wet form). When the aminohexyl content of the 5 
resulting Sepharose was measured by titration, it was about 65 umol/g (wet form). 

(2) Aminohexyl-Sepharose CL-4B (6 g, wet form) was suspended in 0.05 M phosphate buffer (1 5.2 ml, pH 
7.0). A 25 % aqueous solution of glutaraldehyde (6.4 ml) was added to the suspension and the mixture was 
stirred at room temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with 

10 0.1 M phosphate buffer (pH 7.0) and then suspended in a solution of 15 mM histamine in 0.1 M phosphate 10 
buffer (19.5 ml, pH 7.0). The suspension was stirred at room temperature for 2 hours. After completion of the 
reaction, the mixture was filtered, and the residue was washed with 1 M aqueous sodium chloride (ca. 200 
ml) and then suspended in 0.1 M phosphate buffer (10 ml, pH 7.0). Sodium borohydride (100 mg) was added 
to the suspension and the mixture was stirred at room temperature for 1 hour. The reaction mixture was 

15 filtered and the residue was thoroughly washed with 1 M aqueous sodium chloride and water to obtain the 15 
water-insoluble adsorbent (6.0 g, wet form) of the formula: 

jagaroser -0-CH 2 CH (OH) CH 2 NH (CH 2 ) g NH (CH 2 ) 5 ~NH (CH 2 ) 2 — r 



1 

HN N 



20 20 
The content of histamine per 1 g (wet form) of the adsorbent thus obtained was 6.5 a mol. 
Preparation 2 

25 (1 ) Cellulose 90 g (wet form) was suspended in 1 N aqueous sodium hydroxide (900 ml). Epichlorohydrin 25 
(100 ml) was added to the suspension and the mixture was stirred at 60°C for 30 minutes. After completion of 
the reaction, ice-water was added to the reaction mixture. The mixture was filtered and the residue was 
washed with water to obtain epoxy-activated cellulose (82 g, wet form). A 0.625 % aqueous solution of 
hexamethylenediamine (400 ml) was added to epoxy-activated cellulose thus obtained (82 g, wet form) and 

30 the mixture was stirred at 60°C for 2 hours. The reaction mixture was filtered and the residue was washed 30 
with water to obtain aminohexylcellulose (78 g, wet form). When the aminohexyl content of the resulting 
cellulose was measured by titration, it was about 69.4 u mol/g (wet form). 

(2) Aminohexylcellulose thus obtained (2 g, wet form) was suspended in 0.05 M phosphate buffer (15.2 
ml, pH 7.0) and a 25 % aqueous solution of glutaraldehyde (6.4 ml) was added to the suspension and the 

35 mixture was stirred at room temperature for 2 hours. After completion of the reaction, the mixture was 35 
filtered, and the residue was thoroughly washed with 0.1 M phosphate buffer (ph 7.0) and then suspended in 
a solution of 10 mM histamine in 0.1 M phosphate buffer (19.5 ml, pH 7.0). The suspension was stirred at 
room temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with 1 M 
aqueous sodium chloride (ca. 200 ml) and then suspended in 0.1 M phosphate buffer (10 ml, pH 7.0). Sodium 

40 borohydride (1 00 mg) was added to the suspension and stirred at room temperature for 1 hour. The reaction 40 
mixture was filtered and the residue was thoroughly washed with 1 M aqueous sodium chloride and water to 
obtain water-insoluble adsorbent (2.0 g, wet form) of the formula : 

IcelluloslTf -O-CK^CH (OH) CH 2 NH (CH 2 ) gNH ( CH 2 ) 5 ~KH(CH 2 ) 2 1 " — I 

45 H V^ N 45 

The content of histamine per 1 g (wet form) of the adsorbent thus obtained was 11.2a mol. 
Preparation 3 

50 The same procedure as described in Preparation 2 was repeated except that histidine was substituted for 50 
histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 



cellulose — O-CH-CH ( OH) CH^NH (CH- ) A NH (CH-) -rCKCH-CHp | j 

- i * * b Z D HN N 

COOH 



55 55 
The content of histidine per 1 g (wet form) of the adsorbent was 8.6 u mol. 

Preparation 4 

The same procedure as described in Preparation 2 was repeated except that cytosine was substituted for 
60 histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 60 



| cellulose | -0-CH ? CH (OH) CH 2 NH (CH 2 ) g NH (CH 2 ) 5 ~i;H 

H 



BNSOOCID: <GB 2092470A_I_> 



6 



GB 2 092 470 A 



6 



The content of cytosine per 1 g (wet form) of the adsorbent was 8.6 umoi. 
Preparation 5 

The same procedur as described in Preparation 2 was repeated except that 5-methylcytosine was 
5 substituted for histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 

| cellulose { -P-C^CH (OH) CH^H (CH.,) fi NH (CH.,) 5 J^CH 3 



10 



The content of 5-methylcytosine per 1 g (wet form) of the adsorbent was 9.3 jimol. 

1 5 Preparation 6 15 
The same procedure as described in Preparation 2 was repeated except that 2-amino-4,6- 
dimethylpyrimidine was substituted for histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) 
of the formula: 

20 CH 3 20 

I cellulos7~j -Q-CHpCH (0H)CH 2 NH (CH 2 ) fi MH (CH.,) 5 ~MH -1^ tt iL c 



SCH 3 



25 



The content of 2-amino-4,6-dimethylpyrimidine per 1 g (wet form) of the adsorbent was 10.0 p. mol. 



35 



OH 



3 



45 



50 



The content of adenine per 1 g (wet form) of the adsorbent was 5.0 \i mol. 
Preparations 

The same procedure as described in Preparation 2 was repeated except that 6,9-diamino-2-ethoxyacridine 
was substituted for histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 

NH- 

< OC 2 H 5 



cellulose -O-CK^CH (OH) CH 2 NH (CHj) ^NH (CH 2 > 5 ~NH 



25 



Preparation 7 

The same procedure as described in Preparation 2 was repeated except that 2-ammo-4-hydroxy-6- 
30 methylpyrimidine was substituted for histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of 30 
the formula: 



cellulose -Q-CH^CH (OH) CH^NH (CH ? ) fi NH (CH ? ) q -SH-^ M jJl rH 35 



The content of 2-amino-4-hydroxy-6-methylpyrimidine per 1 g (wet form) of the adsorbent was 8.8 \i mol. 

40 Preparation 8 40 
The same procedure as described in Preparation 2 was repeated except that adenine was substituted for 
histamine to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 



cellul ose| -0-C:UCH(OinCH 2 NH (CH 2 ) g NH (CHj) C -!JH H 45 

-N* 



50 



celluloso} -OCH 2 CH(OH)CH 2 NH(CH 2 ) 6 NH(CH 2 ) 5 ~NK 

H 2H <Ot®' 
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The content of 6,9-diamino-2-ethoxyacridine per 1 g (wet form) of the adsorbent was 6.8 \i mol. 



Preparation 10 

CH-Sepharose 4B (trade name of an agarose derivative manufactured by Pharmacia Fine Chemicals, 6 g, 
5 wet form) was susepnded in an aqueous solution of 20 mM 5-methylcytosine (9.9 ml) and pH of the 
suspension was adjusted to 4.5 to 5.0 with 0.5 N hydrochloric acid. A 10 % aqueous solution of 
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (1 ml) was added dropwise to the suspension over about 10 
minutes while pH of the suspension was maintained at 4.5 to 5.0 by addition of 0.5 N hydrochloric acid. The 
suspension was stirred at room temperature for 20 hours. The reaction mixture was filtered and the residue 
10 was washed with 1 M aqueous sodium chloride (200 ml) to obtain the water-insoluble adsorbent (6.0 g, wet 
form) of the formula: 



10 



I agarose 



-CK 

-o- 



;C = N(CH 2 ) 5 CO-NH 



15 



1 CH. 

6r- 



15 



20 



25 



The contents of 5-methylcytosine per 1 g (wet form) of the adsorbent was 3.0 ^imol. 
Preparation 11 

1 N aqueous sodium hydroxide (10 ml) and epichlorohydrin (2 ml) were added to hydroxymethyipoly- 
styrene resin (hydroxymethylated styrene-divinylbenzene copolymer, 5 g, wet form) and the mixture was 
stirred at60°Cfor 1 hour. After completion of the reaction, the mixture was filtered and the residue was 
washed with water to obtain epoxy-activated hydroxymethylpolystyrene resin. An aqueous solution of 15 
mM histamine and 1 M sodium bicarbonate (19.8 ml) was added to the resin and the mixture was stirred at 
60°C for 2 hours. The reaction mixture was filtered and the residue was washed with 1 M aqueous sodium 
chloride (200 ml) to obtain the water-insoluble adsorbent (5.0 g, wet form) of the formula: 



20 



25 



30 



styrcno-j ivinyi- 
bcnzene oo-^l ymer 



-CIUO-CH.CH (0!i)C!! o NH (CH 0 ) p | \ 

Z * HN N 



30 



The content of histamine per 1 g (wet form) of the adsorbent was 1 2.5 umol. 



35 



40 



Preparation 12 

Aminopropyl-porous glass (1 g, dry form) was suspended in 0.05 M phosphate buffer (1 5.2 ml, pH 7.0). A 
25 % aqeuous solution of glutaraldehyde (6.4 ml) was added to the suspension and the mixture was stirred at 
room temperature for 2 hours. The reaction mixture was filtered, and the residue was thoroughly washed 
with 0.1 M phosphate buffer (pH 7.0) and then suspended in a solution of 20 mM histamine in 0.1 M 
phosphate buffer (9.9 ml, pH 7.0). The mixture was stirred at room temperature for 2 hours. The reaction 
mixture was filtered, the residue was washed with 1 M aqueous sodium chloride and then, reduced with 
sodium borohydride as described in Preparation 1 to obtain the water-insoluble adsorbent (1 .8 g, wet form) 
of the formula: 



35 



40 



45 



porous glass ~ (CH 2 ) 3 NH (CH 2 ) 5 NH (CH 2 ) 2 ~ 



— n 

HN 



45 



The content of histamine per 1 g (wet form) of the adsorbent was 10.1 fx mol. 
50 50 

Preparation 13 

Cyanogen bromide-activated Sepharose CL-4B (6 g, wet form) was suspended in an aqueous solution of 
20 mM histamine and 1M sodium bicarbonate (9.9 ml) and the suspension was stirred at room temperature 
for 20 hours. After completion of the reaction, the mixture was filtered and the residue was washed with 1 M 
55 aqueous sodium chloride (200 ml) to obtain the water-insoluble adsorbent (5.9 g, wet form) of the formula: 55 



agarose 



•O ^ 



C = N(CH 2 ) 2 - 



HN 



n 

N 



60 



The content of histamine per 1 g (wet form) of the adsorbent was 30.8 u mol. 



60 
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Preparation 14 

Hitamine di hydrochloride (1.84 g) was dissolved in a mixed solution of methanol (30 ml) and 2 N aqueous 
sodium hydroxide (20 ml) and chloromethylpolystyrene resin (chloromethylated styrene-divinylbenzene 
copolymer, 3 g, dry form) was suspended in this solution. The suspension was ref luxed at 70 to 80°C for 4 
hours. After completion of the r action, the mixture was filtered and the residue was thoroughly washed 
with water to obtain the water-insoluble adsorbent (5.0 g, wet form) of the formula: 



10 



styrene-divinyl- 
benzene copolymer 



-CH-XH(CH-) 1 | 

* * * HN N 

10 



The content of histamine per 1 g (wet form) of the adsorbent was 251 [i mol. 



Preparation 15 

1 5 Cellulose (29 g, wet form) was washed with water (1 liter) and suspended in water (1 50 ml). The 1 5 

suspension was adjusted to pH 1 1 to 1 2 by 10 N aqueous sodium hydroxide. A solution of cyanogen bromide 
(6 g) in water (120 ml) was added to the suspension by portions with stirring while pH of the suspension was 
maintained at 11 to 12. After completion of the reaction, the mixture was filtered and the residue was washed 
with cold water (1 liter) and an aqueous ice-cooled solution of 0.1 M sodium bicarbonate to obtain cyanogen 

20 bromide-activated cellulose (21 g, wet form). Cyanogen bromide-activated cellulose thus obtained (7 g, wet 20 
form) was added to a solution of ethylenediamine (prepared by adjusting an aqueous solution of 50 mM 
ethylenediamine and 0.1 M sodium bicarbonate (50 ml) to pH 8) and stirred at room temperature for 20 
hours. The reaction mixture was filtered and the residue was thoroughly washed with aqeuous 1 M sodium 
chloride and water to obtain aminoethylcellulose (4.5 g, wet form). The same procedure as described in 

25 Preparation 2 was repeated except that aminoethylcellulose thus obtained (2 g, wet form) was substituted 25 
for aminohexylcellulose to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 



cellulose 



~°^C = NCCH-,) -NH(CH-) ^SI'CIL) 2 — r*=n 
J- 3 2 2 2 5 HN ^ N 

30 30 

The content of histamine per 1 g (wet form) of the adsorbent was 8.5 u mol. 
Preparation 16 

Cyanogen bromide-activated cellulose (16.4 g, wet form) obtained in Preparation 15 was added to a 
35 solution of butylenediamine (prepared by adjusting an aqueous solution of 40 mM butylenediamine and 0.1 35 
M sodium bicarbonate (50 ml) to pH 1 0) and the mixture was stirred at room temperature for 20 hours. After 
completion of the reaction, the mixture was filtered and the residue was thoroughly washed with 1 M 
aqueous sodium chloride and water to obtain aminobutylcellulose (10.7 g, wet form). The same procedure 
as described in Preparation 2 was repeated except that aminobutylcellulose thus obtained (2.0 g, wet from) 
40 was substituted for aminohexylcellulose to obtain the water-insoluble adsorbent (2.0 g, wet form) of the 40 
formula: 



cellulose 



= N(CH 2 ) 4 NH(CH 2 ) 5 r3H(CH 2 ) 2 r 



HN N 



45 



The content of histamine per 1 g (wet form) of the adsorbent was 10.3 u mol. 



60 [ cellulos7]- 0-CH 2 CH (OH) CH 2 NH (CH 2 ) 2 NH (CH 2 ) 5 *JH ( CH 2 ) 2 r=7\ 



45 



Preparation 17 

Cellulose (177 g, wet form) was suspended in 1 N aqueous sodium hydroxide (1800 ml) at 60°C. 

50 Epichlorohydrin (200 ml) was added to the suspension and the suspension was stirred at 60°C for 30 50 
minutes. Ice-water was added to the reaction mixture. The mixture was filtered and the residue was washed 
with water to obtain epoxy-activated cellulose (1 50 g, wet form). An aqueous solution of ethylenediamine 
(1 00 ml, containing 5.26 m mol of ethylenediamine and adjusted to pH 1 1 ) was added to epoxy-activated 
cellulose thus obtained (25 g, wet form) and stirred at 60°C for 2 hours. After completion of the reaction, the 

55 mixture was filtered and the residue was thoroughly washed with water to obtain aminoethylcellulose (22 g, 55 
wet form). The same procedure as described in Preparation 2 (2) was repeated except that aminoethylcellu- 
lose thus obtained (2.0 g, wet form) was substituted for aminohexylcellulose to obtain the water-insoluble 
adsorbent (2.0 g, wet form) of the formula : 



60 



65 The content of histamine per 1 g (wet form) of the adsorbent was 11.5 u mol. 65 
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Preparation 18 

The same procedure as described in Preparation 17 was repeated except that butylenediamine was 
substituted for ethylenediamine to obtain aminobutylcellulose (22 g, wet form). Arninobutylcellulose thus 
obtained {2 g, wet form) was substituted for aminohexylcellulose in the procedure of Preparation 2 (2) to 
5 obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula : 



cellulose -O-CH.CII (OH) CH-MH (CH,) ,NH (CIU) -N1KCH,) , , , 

1 - * * * * => HN N 



10 

The content of histamine per 1 g (wet form) of the adsorbent was 12.8 \i mol. 



20 



cellulose -0-CH 2 CH (OH) CH 2 NH (CH 2 ) g NH (CH 2 ) gNH <CH 2 > 2 r -- " 1 



HN ^ N 



cellulose 



45 



ccllul OS. 



3-CH„CH(0!l)CH *UI (CH.) a NH (CH - ) -KH(CU-) 0 1 ) 

z d. d *" HN - N 



cellulose j-O-CH CH(Oii) CH,NH (CH,) - ,NH (CH,) - NH (CH,) , — , 

J t £ I ±1 HN N 



10 



Preparation 19 

The same procedure as described in Preparation 1 7 was repeated except that hexamethylenediamine was 
1 5 substituted for ethylenediamine to obtain aminohexylcellulose (22 g, wet form). Aminohexylcellulose thus 15 
obtained (2 g, wet form) was substituted for aminohexylcellulose in the procedure of Preparation 2 (2) to 
obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 



20 



The content of histamine per 1 g (wet form) of the adsorbent was 13.6 [i mol. 

25 Preparation 20 25 
The same procedure as described in Preparation 17 was repeated except that octamethylenediamine was 
substituted for ethylenediamine to obtain aminooctylcellulose (22 g, wet form). Aminooctyiceliulose thus 
obtained (2 g, wet form) was substituted for aminohexylcellulose in the procedure of Preparation 2 (2) to 
obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 

30 30 



•0-CH 2 CH (OH) CH 2 NH (CH 2 ) 1Q NH ( CH ) NH (CH ) r=T\ 

HN N 

35 The content of histamine per 1 g (wet form) of the adsorbent was 12.6 u mol. 35 
Preparation 21 

A solution of decamethylenediamine (prepared by adjusting a solution of 5.26 m mol of decamthylene- 
diamine in 50% ethanoi (100 ml) to pH 1 1) was added to epoxy-activated cellulose obtained in Preparation 17 
40 (25 g, wet form) and shaken at 60°C for 2 hours. The reaction mixture was filtered and the residue was 40 
thoroughly washed with 50 % aqueous ethanoi and water to obtain aminodecylcellulose (22 g, wet form). 
Aminodecylcellulose thus obtained (2 g, wet form) was substituted for aminohexylcellulose in the procedure 
of Preparation 2 (2) to obtain the water-insoluble adsorbent (2.0 g, wetform) of the formula: 



45 



The content of histamine per 1 g (wetform) of the adsorbent was 10.8 mol. 

50 Preparation 22 50 
The same procedure as described in Preparation 21 was repeated except that dodecamethylenediamine 
was substituted for decamethylenediamine to obtain aminododecylcellulose (22 g, wet form). Amino- 
dodecylcellulose thus obtained (2 g, wet form) was substituted for aminohexylcellulose in the procedure of 
Preparation 2 (2) to obtain the water-insoluble adsorbent (2.0 g, wet form) of the formula: 

55 55 



60 The content of histamine per 1 g (wet form) of the adsorbent was 11.3 a mol. 60 
Preparation 23 

Chloromethylpolystyrene resin (chloromethylated styrene-divinylbenzene copolymer, 5 g, dry form) was 
suspended in a mixed solution of dichloromethane (15 ml) and methanol (15 ml), and triethylamine (1.42 ml) 
65 was added to the suspension. The mixture was refluxed at 70 to 80°C for 4 hours and the resin was filtered off 65 
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15 



20 



styrene-divinyl- 
benzfne copolymer 



-CH-NH(CK 0 ) -NHtCH-) .NHfCH,) , T=n 

* * * * 3 HN ^ N 



The content of histamine per 1 g (wet form) of the adsorbent was 28.6 ^mol. 
Preparation 24 

The same procedure as described in Preparation 23 was repeated except that hexam ethyl enedia mine (Z..32 
g) was substituted for ethylenediamine dihydrochloride to obtain the water-insoluble adsorbent (5.0 g, wet 
form) of the formula: 



25 



styrene-divinyi- 
benzene cocolvxer 



-CH-NH(CH-) C NH(CH 0 ) .MUCH,) - 1 t 

2 2 b 2D HN 



40 



45 



10 



and thoroughly washed with water. Ethylenediamine dihydrochloride (2,66 g) was dissolved m a mixed 
solvent of methanol (30 ml) and 2 N aqueous sodium hydroxide (20 ml), and the above-obtained resin was 
suspended in the resulting solution. The suspension was refluxed at 70 to 80*C for 4 hours^The reaction 
mixture was filtered and the residue was thoroughly washed with water to obtain a resin (8.4 g, wet form). 

5 The resin (5.0 g, wet form) was suspended in 0.05 M phosphate buffer (12 ml, pH 7.0) and a 25% aqueous 5 
solution of glutaraldehyde (12 ml) was added to the suspension. The mixture was stirred at room 
temperature for 2 hours. The reaction mixture was filtered and the residue was thoroughly washed with 0.1 
M phosphate buffer (pH 7.0). The residue was suspended in a solution of 1 5 mM histamine in 0.1 M 
phosphate buffer (19.5 ml, pH 7.0) and stirred at room temperature for 2 hours. After completion of the 

10 reaction, the mixture was filtered, and the residue was washed with 1 M aqueous sodium chloride (ca. 200 10 
ml) and then suspended in 0.1 M phosphate buffer (10 ml, pH 7.0). Sodium borohydnde (100 mg) was added . 
to the suspension. The mixture was stirred at room temperature for 1 hour. The reaction mixture was filtered 
and the residue was thoroughly washed with aqueous 1 M sodium chloride and water to obtain the 
water-insoluble adsorbent (5.0 g, wet form) of the formula: 



styrene-divinyl- 
benzene copolymer 



-CH-NH (CH-) -CONH (CH 2 ) , p=T 

2 2 5 HN 



15 



20 



25 



30 The content of histamine perl g (wet form) of the adsorbent was 58.8 [imol. 30 

P Tf> ar ^ acid (2.31 g), 1-hydroxybenzotriazole (1.49 g) and dicylcohexyl- 

carbodiimide (2.27 g) were dissolved in tetrahydrofuran (10 ml). Histamine dihydrochloride (1.84 g) and 
35 triethylamine (2.84 ml) were added to the solution and the mixture was stirred * 35 
hours. After completion of the reaction, the precipitate formed was filtered off and the filtrate was extracted 
with ethyl acetate. The extract was washed with 1 % hydrochloric acid and then saturated aqueous sodium 
bicarbonate, dried and the solvent was distilled off to obtain N-t-butoxycarbonyl-e-am.nocaproyl histamine 
as an oil. The oil showed single spot (Rf : 0.76) in thin layer chromatography (solvent: ^^^^^^ 
acetic acid (95 : 5 : 3)). The oil thus obtained was treated with trif luoroacetic ac.d (5 ml) at room temperature 
for 30 minutes and ether was added to the mixture to obtain e-aminocaproyl histamine (1 .1 2 g) as an oil. 1 ne 
oil showed single spot (Rf : 0.47) in thin layer chromatography (solvent: n-butanoi-acet.c ac.d-water (4:1. 

1 ' (2) Chloromethylpolystyrene resin (chloromethylated styrene-divinylbenzene copolymer 5 g, dry form) 
was suspended in a mixed solution of dichioromethane (15 ml) and methanol (15 ml). Triethylamine (1.42 
ml) was added to the suspension and are mixture was refluxed at 70 to 80*C for 4 hours. The resin ^was 
filtered and thoroughly washed with water. e-Am«nocaproyl histamine obtained in the above (1 ) (1.12 g) was 
dissolved in a mixed solution of methanol (30 ml) and 2 N aqueous sodium f ^ ~^<"^ a "J M 
above-obtained resin was suspended in this solution. The mixture was reacted at 45 C to 50 C for 24 hours- 
50 After completion of the reaction, the mixture was filtered and the residue was thoroughly washed with water 50 
to obtain the water-insoluble adsorbent (8.4 g, wet form) of the formula: 



40 



45 



55 



55 



The content of histamine per 1 g (wet form) of the adsorbent was 59.5 *i mol. 

60 Preparation 26 t t , 

Aminohexyi-Sepharose CL-4B (6 g, wet form), prepared in Preparation 1 (1 ) was suspended in an aqueous 
solution of 30 mM urocanic acid (9.9 ml). The suspension was adjusted to pH 4.5 to 5.0 with 0.5 N 
hydrochloric acid and 40 % aqueous solution of 1-ethyl-3-(3-dimethylaminopropyl)carbodiim.de (1 ml) was 
added dropwise to the suspension over 10 minutes, while the suspension was maintained at pH 4.5 to 5.0 by 

65 addition of 0.5 N hydrochloric acid. After addition, the reaction mixture was stirred at room temperature tor 



60 



65 
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20 hours. The reaction mixture was filtered and the residue was washed with 1 M aqueous soium chloride 
(ca. 200 ml) to obtain the water-insoluble adsorbent (6.0 g, wet form) of the formula: 



[agarose | -Q-CH 2 CH (OH) CH 2 NH (CH 2 > gNHOCCH=CH ^ — ^ 



The content of urocanic acid per 1 g (wet form) of the adsorbent was 3.1 \xmo\. 
10 Preparation 27 

The same procedure as described in Preparation 26 was repeated except that an aqueous solution of 10 
mM orotic acid (19.9 ml) was substituted for 30 mM aqueous urocanic solution (9.9 ml) to obtain the 
water-insoluble adsorbent (6.0 g, wet form) of the formula: 



10 



15 



[agarose f -0-CH 2 CH (OH) CH 2 NH (CH 2 ) gNHOC -r' 




15 



20 The content of orotic acid per 1 g (wet form) of the adsorbent was 1 5.3 \x mol. 20 
Preparation 28 

Aminohexyl-Sepharose CL-4B (6 g, wet form, prepared in Preparation 1 (1 ) was suspended in water (9 ml). 
2 N aqueous sodium hydroxide (3.9 mi) and epichlorohydrin (0.9 ml) was added to the suspension and the 

25 mixture was stirred at 40°C for 2 hours. The reaction mixture was filtered and the residue was washed with 25 
water to obtain epoxy-activated aminohexyl-Sepharose CL-4B. Epoxy-activated aminohexyl-Sepharose 
CL-4B thus obtained was suspended in an aqueous solution of 30 mM uracil (9.9 ml, adjusted to pH 1 2 with 2 
N sodium hydroxide) and the suspension was stirred at 60°C for 2 hours. After completion of the reaction, the 
mixture was filtered and the residue was washed with 1 M aqueous sodium chloride (200 ml) to obtain the 

30 water-insoluble adsorbent (6.0 g, wet form) of the formula: 30 



35 



agarose 



-0-CH 2 CH (OH) CH 2 NH (CH 2 ) gNHCf^CH (OH) CH 2 



35 



40 



45 



50 



o 



agarose ]-Q-CH 2 CH ( OH ) CH 2 NH ( CH 2 ) gNHCHjCH (OH) CH 2 ~N NH 



(agarose 



-0-CH 2 CH (OH)CH 2 NH(CH 2 ) g NHCH 2 CH (OH) CH 2 ~0 



N . ^OH 



Or 



[agarose |-Q-CH 2 CH (OH ) CH 2 NH ( CH 2 ) 6 NHCH 2 CH (OH) CH 2 -0-^ N ^j 



OH 



40 



45 



50 



The content of uracil per 1 g (wet form) of the adsorbent was 4.1 u mol. 
55 55 
Preparation 29 

(1 ) Dimethyl sulfide (20 g) was dissolved in a mixed solution of dichloromethane (60 ml), methanol (60 
ml) and distilled water (90 ml) and porous chloromethylpolystyrene resin (chloromethylated styrene- 
divinylbenzene copolymer, 20 g, dry form) was suspended in the solution. The suspension was refluxed at 

60 60°C for 48 hours. After completion of the reaction, the mixture was filtered and the residue was thoroughly 60 
washed with water and methanol to obtain dimethylthiomethylpolystyrene resin (33 g, wet form). 

(2) Histamine dihydrochloride (1 .84 g) was dissolved in a mixed solution of 2 N aqueous sodium 
hydroxide (20 ml) and methanol (10 m) and dimethylthiomethylpolystyrene resin obtained in the above (1) (5 
g, wet form) was suspended in this solution. The mixture was refluxed at 80 to 85°C for 21 hours. The 

65 reaction mixture was filtered and the residue was thoroughly washed with water to obtain the 65 
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water-insoluble adsorbent (5.0 g, wet form) of the formula:- 



sfcyrene-divinylbenzene 
copolymer 



-CH 2 NH(CH 2 ) 2 - 



HN N 



The content of histamine per 1 g (wet form) of the adsorbent was 1 79 \i mol. 



10 



15 



Preparation 30 

The aminoethylated polystyrene resin (5.0 g, wet form) obtained in the same manner as described in 
Preparation 23 was suspended in an aqueous 30 mM urocanic acid solution (9.9 ml), and the pH of the 
suspension was adjusted to 4.5 - 5.0 with 0.5 N hydrochloric acid. A 40 % aqueous solution of 
1-ethyl-3-(3-dimethyaminopropyl)carbodiimide (1 ml) was added dropwise to the suspension over about 10 
minutes while the pH of the suspension was maintained at 4.5 to 5.0 by addition of 0.5 N hydrochloric acid. 
The suspension was stirred at room temperature for 20 hours. The reaction mixture was filtered, and the 
residue was washed with 1 M aqueous sodium chloride (200 ml) to obtain the water-insoluble adsorbent (5.0 
g, wet form) of the formula: 



10 



15 



20 



styrene-divinyi- 
benzene copolymer 



-CH 2 NH(CH 2 ) 2 NHCOY^pO 
0 



20 



25 



The content of urocanic acid per 1 g (wet form) of the adsorbent was 44.3 \i mol. 
Preparation 31 

The same procedure as described in Preparation 30 was repeated except that an aqueous 10 mM orotic 
acid solution (19.9 ml) was substituted for the aqueous 30 mM urocanic acid solution (9.9 ml) to obtain the 
water-insoluble adsorbent (5.0 g, wet form) of the formula: 



30 



styrene-di vinyl- 
benzene copolymer 



-CH 2 NH (CH 2 ) 2 NHCOCH=CH r^zr 



HN 



25 



30 



35 



The content of orotic acid per 1 g (wet form) of the adsorbent was 27 \i mol. 



35 



Preparation 32 

The same procedure as described in Preparation 30 was repeated except that the aminohexylated 
40 polystyrene resin (5.0 g, wet form) obtained in the same manner as described in Preparation 24 was 
substituted for the aminoethylated polystyrene resin to obtain the water-insoluble adsorbent (5.0 g,wet 
form) of the formula: 



40 



45 



s tyr one- di vinyl - 
benzene copolymer 



— CH^NH (CH~ ) ,%'UCOCH— CH — | | 

Z b HN 



45 



The content of urocanic acid per 1 g (wet form) of the adsorbent was 33 \i mol. 



50 Preparation 33 

The same procedure as described in Preparation 31 was repeated except that the aminohexylated 
polystyrene resin (5.0 g, wet form) obtained in the same manner as described in Preparation 24 was 
substituted for the aminoethylated polystyrene resin to obtain the water-insoluble adsorbent (5.0 g, wet 
form) of the formula: 

55 



styrene-divinyl- 
benzene copolymer 



-CH 2 NH(CH 2 ) e UHCO^^Y>0 
HN^NH 
O 



60 



50 



55 



60 



The content of orotic acid per 1 g (w t form) of the adsorbent was 17.2 u mot. 
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Preparation 34 

The same procedure as described in Preparation 23 was repeated except that 5-methylcytosine was 
substituted for histamine to obtain the water-insoluble adsorbent (5.0 g, wet form) of the formula: 



styrcne-divinyi- 
benzene copolymer 



-CH 2 NH(CH 2 ) 2 NH(CH 2 ) 5 JJH 



CH 3 



N 

O^N 

10 H 10 

The content of 5-methylcytosine per 1 g (wet form) of the adsorbent was 1 .7 \i mol. 
Preparation 35 

1 5 Chloromethylpolystyrene resin (chloromethylated styrene-divinylbenzene copolymer) was treated in the 1 5 
same manner as described in J. Am. Chem. Soc., 98, 7357 (1976) to obtain aminomethylated polystyrene 
resin. The aminomethylated polystyrene resin (5.0 g, dry form) thus obtained was suspended in an aqueous 
0.1 M sodium tetraborate solution (40 ml), and cyanuric chloride (3.69 g) was added thereto. The mixture was 
stirred at room temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with 

20 methanol and water to obtain a resin (13.2 g, wet form). An aqueous 25 mM histamine-0.1 M sodium 20 
tetraborate solution (19.9 ml) was added to the resin (6.6 g, wet form) obtained above, and the mixture was 
stirred at room temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with 
1 M sodium chloride (200 ml) to obtain the water-insoluble adsorbent (6.6 g, wet form) of the formula: 



25 



styrene-divinyl- 
benzene copolymer 



benzenrco polymer |-CH 2 NH-^ N ^-NH (CHj ) 5 CONH ( CH 2 ) 

— » XT^S. . M 



25 



-CH-NH- — r^*7l — NH (CH_ ) . j | 

' * HN N 

Cl 

30 The content of histamine per 1 g (wet form) of the adsorbent was 64.4 \x mol. 30 
Preparation 36 

The resin (6.6 g, wet form) obtained by reacting the aminomethylated polystyrene resin with cyanuric 
chloride in the same manner as described in Preparation 35 was added to an aqueous 500 mM 

35 e-aminocaproic acid-0.1 M sodium tetraborate solution (20.3 ml). The mixture was stirred at room 35 
temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with an aqueous 1 M 
sodium chloride solution (200 ml) to obtain a resin (6.6 g, wet form). The resin thus obtained was suspended 
in an aqueous 30 mM histamine solution (9.9 ml), and the suspension was treated in the same manner as 
described in Preparation 30 to obtain the water-insoluble adsorbent (6.6 g, wet form) of the formula: 

40 40 



2 l — 1 
CI 

45 45 
The content of histamine per 1 g (wet form) of the adsorbent was 5.3 \i mol. 
Preparation 37 

50 (1) An aqueous 3 N sodium hydroxide solution (10 ml) and epichlorohydrin (10 ml) were added to 50 
Toyopearl HW-55 (tradename of an polyvinyl alcohol manufactured by Toyo Soda Manufacturing Co., Ltd.) 
(13 g, wet form). The mixture was shaken at 50°C for 2 hours. The reaction mixture was filtered, and the 
residue was washed with water to obtain epoxy-Toyopearl HW-55 (13.7 g, wet form). Epoxy-Toyopearl 
HW-55 (13.7 g, wet form) was suspended in an aqueous cone, ammonia solution (20 ml), and the suspension 

55 was shaken at 50°C for one hour. The reaction mixture was filtered, and the residue was washed with water 55 
to obtain aminopropylated Toyopearl HW-55 (14.3 g, wet form). The content of aminopropyl group per 1 g 
(wet form) of the aminopropylated Toyopearl HW-55 was about 125 {i mol. 

(2) Aminopropylated Toyopearl HW-55 (6 g, wet form) was suspended in a 0.05 M phosphate buffer 
solution (pH 7.0, 12 ml), and an aqueous 25 % glutaraldehyde solution (12 ml) was added thereto. The 

60 suspension was stirred at room temperature for 30 minutes. The reaction mixture was filtered, and the 60 
residue was washed with a 0.1 M phosphate buffer solution (pH 7.0). The residue was suspended in a 15 mM 
histamine-0.1 M phosphate buffer solution (pH 7.0, 19.8 ml), and the suspension was stirred at room 
temperature for 2 hours. The reaction mixture was filtered, and the residue was washed with an aqueous 1 M 
sodium chloride solution (about 200 ml). The residue was suspended in a 0.1 M phosphate buffer solution 

65 (pH 7.0, 10 ml), and sodium borohydride (100 mg) was added thereto. The suspension was stirred at room 65 
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temperature for one hour. The reaction mixture was filtered, and the residue was washed with an aqueous 1 
M sodium chloride solution and water to obtain the water-insoluble adsorbent (6.0 g, wet form) of the 
formula: 

5 

-O-CU-CHCH-NHCCH-J .NHICM ) > \ 

OH Ht V^ N 



polyvinyl 
alcohol 



10 Thecontentof histamine per 1 g (wet form) of the adsorbent was 18.2 u mol. 10 
Preparation 38 

(1 ) Epoxy-Toyopeart HW-55 (9.0 g, wet form) obtained in the same manner as described in Preparation 
37 (1 ) was suspended in an aqeuous 0.625 % hexamethylenediamine solution (36 ml), and the suspension 

15 was shaken at 60°C for 2 hours. The reaction mixture was filtered, and the residue was washed with water to 15 
obtain aminohexyi-Toyopearl HW-55 (8.5 g, wet form). The content of aminohexyl group per 1 g (wet form) 
of the aminohexyl-Toyopearl HW-55 was about 174 \i mol. 

(2) The same procedure as described in Preparation 37 (2) was repeated except that aminohexyl- 
Toyopearl HW-55 was substituted for aminopropyl-Toyopearl HW-55 to obtain the water-insoluble 

20 adsorbent (6.0 g, wet form) of the formula: 20 



polyvinyl 
alcohol 



2, 2 2 6 2 5 2 2^ 



OH 



25 



The content of histamine per 1 g (wet form) of the adsorbent was 21 .8 u mol. 



25 



Preparation 39 

(1 ) Chitosan (5 g, dry form) was dissolved at 50°C in 0.1 N hydrochloric acid (350 ml), and cone. 

30 hydrochloric acid was added to the solution. The precipitates were collected by filtration, and then dispersed 30 
in an aqueous 6 N sodium hydroxide solution (200 ml). Methanol (300 ml) was added to the dispersion, and 
the precipitates were collected by filtration. The precipitates thus obtained were washed with methanol, 
dried and then passed through a sieve (20 mesh) to obtain mercerized chitosan (3.44 g, dry form). 

(2) The same procedure as described in Preparation 37 was repeated except that the mercerized chitosan 

35 was substituted forToyopearl HW-55 to obtain the water-insoluble adsorbent (3.3 g, wet form) of the 35 
formula: 



40 



Chitosan ~|-CH 2 CHCH 2 NH (CH 2 > 5 1JH (CH 2 ) . 

OH ' " " ' 40 



Thecontentof histamine perl g (wet form) of the adsorbent was 59.7 umol. 

45 Example 1 45 
The adsorbent obtained in Preparation 1 (ligand: histamine, carrier: aminohexylagarose, 8 ml) was 
washed with 1.5 M aqeuous sodium chloride and packed in a sterilized column (inner diameter: 13 mm, 
length: 100 mm). The column was successively washed with 1 .5 M aqueous sodium chloride (250 ml), pure 
water (100 ml) and 0.05 M aqueous sodium chloride (100 ml), all of which being pyrogen-free. A solution of 

50 each pyrogen (100 ug) derived from various kinds of bacteria in 0.05 M aqueous sodium chloride (100 ml) 50 
was passed through the column at a flow rate of SV = 1 2. In this case, only one column was used and the 
used column was reused by successively washing with 0.2 N aqueous sodium hydroxide (16 ml), 0.5 % 
aqueous solution of sodium deoxycholate (32 ml), 0.2 N aqueous sodium hydroxide (160 ml), pure water (50 
ml), 1.5 M aqueous sodium chloride (250 ml) and pure water (100 ml) to reproduce pyrogen adsorptivity of 

55 the adsorbent. The concentration of the pyrogen in the effluent was measured and Limulus test thereof was 55 
carried out. 
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The results are shown in Table 1. In Table 1, as the pyrogen derived from Klebsiella pneumoniae, LPS 
prepared according to Westphal method (Angwt.) Chem., 66, 407, (1954) was used and the other pyrogens 
were LPS manufactured by Difco Lab, USA. 

TABLE 1 



10 



Pryogens derived 
from bacteria 



Escherichia coli 01 28: 
B12, LPS 



Concentration of 
pyrogen 
(ng/ml effluent) 

0.2 



Limulus 
test 



10 



15 



Klebsiella pneumoniae, 
LPS 



15 



Salmonella abortus equi, 
LPS 



0.6 



20 Salmonella enteritidis, 

LPS 



0.6 



20 



25 



Salmonella flexineri, 
LPS 

Salmonella minnesota 
9700, LPS 



0.1 



25 



BNSDOCID: <GB 2092470A_I_> 



16 



GB 2 092 470 A 



16 



Example 2 

Each adsorbent obtained in Preparations 2 to 9 (8 ml) was packed in a column (inner diameter: 1 3 mm, 
length: 1 00 mm) and the column was washed by the same manner as described in Example 1 . A solution of a 
pyrogen in 0.05 M aqueous sodium chloride (100 ml, containing 1,000 ng of Escherichia co//0128: B 12, LPS 
5 perl ml of the solution) was passed through the column at a flow rate of SV= 12. The concentration of the 
pyrogen in the effluent was measured. The results are shown in Table 2. 

TABLE 2 



10 



No. Adsorbents 



Concentration 
of pyrogen 
(ng/ml effluent) 



10 



15 



Adsorbent of Preparation 2 (ligand: 
histamine, carrier: aminohexyl- 
cellulose) 



0.1 



15 



20 



Adsorbent of Preparation 3 (ligand: 
histidine, carrier: aminohexyl- 
cellulose) 



0.1 



20 



25 



Adsorbent of Preparation 4 (ligand: 
cytosine, carrier: aminohexyl- 
cellulose) 

Adsorbent of Preparation 5 (ligand: 
5-methylcytosine, carrier: amino- 
hexylcellulose) 



0.5 



0.6 



25 



30 



Adsorbent of Preparation 6 (ligand: 
2-amino-4 / 6-dimethyipyrimidine, 
carrier: aminohexyiceilulose) 



0.5 



30 



35 



Adsorbent of Preparation 7 (ligand: 
2-amino-4-hydroxy-6-methyl- 
pyrimidine, carrier: amino- 
hexyiceilulose) 



0.9 



35 



40 



Adsorbent of Preparation 8 (ligand: 
adenine, carrier: aminohexyi- 
ceilulose) 



4.0 



40 



45 



Adsorbent of Preparation 9 (ligand: 
acrinol, carrier: aminohexyi- 
ceilulose) 



1.6 



45 



Example 3 

The adsorbent obtained in Preparation 10 (ligand: 5-methylcytosine, carrier: carboxyhexylagarose, 8 ml) 
was packed in a column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the same 
50 manner as described in Example 1. When a solution of a pyrogen in 0.05 M aqueous sodium chloride (100 
ml, containing 1 ,000 ng of Escherichia coii 01 28: B 1 2, LPS per 1 ml of the solution) was passed through the 
column at a flow rate of SV = 1 2, the concentration of the pyrogen in the effluent was 1 .2 ng/ml. 



50 



55 



60 



Example 4 

The adsorbent obtained in Preparation 11 (ligand: histamine, carrier: hydroxymethylated styrene- 
divinylbenzene copolymer, 8 mi) was packed in a column (inner diameter: 13 mm, length: 100 mm) and the 
column was washed in the same manner as described in Example 1. When a solution of a pyrogen in 0.05 M 
aqueous sodium chloride (100 ml, containing 100 ng of Escherichia co//0128: B 12, LPS per 1 ml of th 
solution) was passed through the column at a flow rate of SV = 12, the concentration of the pyrogen in the 
effluent was 4.8 ng/ml. 



55 



60 



Example 5 

The adsorbent obtained in Preparation 12 (ligand: histamine, carrier: porous glass, 1 g, dry form) was 
suspended in a solution of a pyrogen in 0.05 M aqueous sodium chloride (50 ml, containing 100 ng of 
65 Klebsiella pneumoniae, LPS per 1 ml of the solution). When the suspension was stirred for 2 hours and 



65 
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allowed to stand, the concentration of the pyrogen in the supernatant was 2 ng/ml. 
Example 6 

The adsorbent obtained in Preparation 13 (ligand: histamine, carrier: agarose, 8 ml) was packed in a 
5 column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the same manner as 5 
described in Example 1 . When a solution of a pyrogen in 0.05 M aqueous sodium chloride (100 ml, 
containing 100 ng of Escherichia coli 0128: B 12, LPS perl ml of the solution)was passed through the 
column at a flow rate of SV = 12, the concentration of the pyrogen in the effluent was 9 ng/ml. 

10 Example 7 10 
The adsorbent obtained in Preparation 14 (ligand: histamine, carrier: styrene-divinylbenzene copolymer,8 
ml) was packed in a column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the 
same manner as described in Example 1 . When a solution of a pyrogen in 0.05 M aqueous sodium chloride 
(100 ml, containing 100 ng of Salmonella flexineri, LPS per 1 ml of the solution) was passed through the 

15 column at a flow rate of SV = 12, the concentration of the pyrogen in the effluent was 4.6 ng/ml. 15 

Example 8 

The column used in Example 1 (packed with the adsorbent, the liquid thereof being histamine and the 
carrier being aminohexylagarose) was successively washed with 0.2 N aqueous sodium hydroxide (16 ml), 
20 0.5 % aqueous solution of sodium deoxycholate (32 ml), 0.2 N aqueous sodium hydroxide (160 ml), pure 20 
water (50 ml), 1.5 M aqueous sodium chloride (250 ml) and pure water (100 ml), ail of which being pyrogen 
free. A 2% aqueous solution of L-histidine (100 ml, containing 100 ng of Escherichia coli 0128: B 12, LPS per 
1 ml of the solution) was passed through the column at a flow rate of SV = 3. In the effluent, more than 90 % 
of L-histidine was recovered and Limulus test of the effluent was negative (-). When the effluent was 
25 subjected to Pyrogen test at a dose of 10 ml/kg, the body temperatures of the rabbits rose 0°C, 0.1°C and 25 
0.25°C, respectively and pyrogenicity of the effluent was deemed to be negative. Besides, when the aqueous 
solution of L-histidine was directly diluted 5 times with water without subjecting to the treatment of the 
column and then was subjected to Pyrogen test at a dose of 1 ml/kg, the body temperatures of the rabbits 
rose 1.1 5°C, 1.1 5°C and 1.30°C, respectively, and pyrogenicity of the solution was deemed to be positive. 



30 



30 



Example 9 

The column used in Example 1 was washed in the same manner as described in Example 8. A 2 % aqueous 
solution of L-alanine (100 ml, containing 100 ng of Escherichia co// 0128: B 12, LPS per 1 ml of the solution) 
was passed through the column at a flow rate of SV = 3. More than 90 % of L-alanine was recovered in the 
35 effluent and the concentration of the pyrogen in the effluent was 0.1 ng/ml. Limulus test of the effluent was 35 
negarive(-). 

Example 10 

The column used in Example 1 was washed in the same manner as described in Example 8. An aqueous 
40 solution containing 0.08 % of 6-aminopenicillanic acid and 0.08 % of sodium citrate (1 00 ml, containing 1 00 40 
ng of Escherichia coli 0128: B 12, LPS per 1 ml of the solution) was passed through the column at a flow rate 
of SV = 3. More than 90 % of 6-aminopenicillanic acid was recovered in the effluent and Limulus test of the 
effluent was negative (-). 

45 Example 11 45 
The column used in Example 1 was washed in the same manner as described in Example 8. A 0.25 % 

aqueous solution of flavin adenine dinucleotide (FAD) (100 ml, containing 100 ng of Escherichia co//0128: B 

12, LPS per 1 ml of the solution) was passed through the column at a flow rate of SV = 3. More than 85% of 

FAD was recovered in the effluent and Limulus test of the effluent was negative (-). 
50 50 

Example 12 

The column used in Example 1 was washed in the same manner as described in Example 8. A 0.5 % 
aqueous solution of cytosine (100 ml, containing 100 ng of Escherichia coli 0128: B 12, LPS per 1 ml of the 
solution) was passed through the column at a flow rate of SV = 3. More than 95 % of cytosine was recovered 
55 in the effluent and the concentration of the pyrogen in the effluent was 0 ng/ml. Limulus test of the effluent 55 
was negative (-). 

Example 13 

The column used in Example 1 was washed in the same manner as described in Example 8. A 5 % aqueous 
60 solution of glucose (100 ml, containing 100 ng of Escherichia coli 0128: B 12, LPS per 1 ml of the solution) 60 
was passed through the column at a flow rate of SV = 3. More than 90 % of glucose was recovered in the 
effluent and Limulus test of the effluent was negative (-). 

Example 14 

65 The column used in Example 1 was washed in the same manner as described in Example 8. A crude 65 
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L-proline solution obtained from a filtrate in L-proline fermentation {50 ml, containing 20 % of L-proline) was 
passed through the column at a flow rate of 25 ml/hr. The concentration of the pyrogen of the effluent was 0 
ng/ml and Limulus test of the effluent was negative (-). Besides, the concentration f the pyrogen in the 
crude L-proline solution was 8.8 ng/ml and Limulus test thereof was positive (-f +). 

5 5 
Example 15 

The column used in Example 1 was washed in the same manner as described in Example 8. A solution of 
lysozyme chloride (0.5 g) in 0.005 M Tris hydrochloride buffer {100 ml, pH 9.0) containing about 10 ng/ml of 
pyrogen was passed through the column at a flow rate of SV = 3. More than 90 % of lysozyme was recovered 

10 in the effluent and the concetration of the pyrogen in the effluent was 0.1 ng/ml. When the effluent was 10 
subjected to Pyrogen test at a dose of 10 ml/kg, the body temperatures of the rabbits rose 0°C, 0.20°C and 
0.20°C, respectively and pyrogenicity of the effluent was deemed to be negative. Besides, when the lysozyme 
solution was directly subjected to Pyrogen test at a dose of 10 ml/kg (without subjecting to the treatment of 
the column), the body temperatures of the rabbits rose 1.00°C, 1.15°C and 1.20 C C, respectively and 

1 5 pyrogenicity of the solution was deemed to be positive. 1 5 

Exap/e 16 , (( , . , . . 

The adsorbent obtained in Preparation 2 (ligand: histamine, carrier: aminohexylcellulose) was packed in a 
column (inner diameter: 20.8 mm, length: 27 mm) and a solution of crude urokinase (1 50 mg) in 0.01 M 
20 phosphate buffer (35 ml, pH 8.0) (Limulus test: + +) was passed through the column at a flow rate of SV = 4. 20 
64 % of urokinase was recovered in the effluent and Limulus test of the effluent was negative (-). 

Example 17 

The adsorbent obtained in Preparation 10 (ligand: 5-methylcytosine, carrier: carboxyhexylagarose) was 
25 packed in a column (inner diameter: 20.8 mm, length: 27 mm) and a solution of crystalline asparaginase (116 25 
mg) in 0.05 M aqueous sodium chloride (20 ml) (Limulus test: + + ) was passed through the column at a flow 
rate of SV = 4. 94 % of asparaginase was recovered in the effluent and Limulus test of the effluent was 
negative (-). 

30 Example 18 

The column used in Example 1 was washed in the same manner as described in Example 8 and a solution 
of immunoglobulin G (50 mg) in 0.01 M phosphate buffer (50 ml, pH 7.5) (Limulus test: ++) was passed 
through the column at a flow rate of SV = 3. 76 % of immunoglobulin G was recovered in the effluent and 
Limulus test of the effluent was negative (-). 



35 



30 



35 



Example 19 , « 

The column used in Example 1 was washed in the same manner as described in Example 8 and a solution 
of bovine insulin (1 00 mg) in 0.004 N hydrochloric acid (50 ml) containing 5 ng/ml of a pyrogen was passed 
through the column at a flow rate of SV = 3. 85.6 % of insulin was recovered in the effluent and the 
40 concentration of the pyrogen in the effluent was 0.4 ng/ml. 40 

Example 20 

The adsorbent obtained in Preparation 14 (ligand: histamine, carrier: styrene-divinylbenzene copolymer, 8 
ml) was packed in a column (inner diameter: 1 3 mm, length : 1 00 mm) and the column was washed in the 
45 same manner as described in Example 1 . Then, pure water containing 4 ng/ml of a pyrogen (1 liter, Limulus 45 
test: ++) was passed through the column at a flow rate of 100 ml/hr. The concentration of the pyrogen in the 
effluent was 0.4 ng/ml and Limulus test of the effluent was negative (-). 

Example 2 1 . j - E * 

50 The following operation was carried out by using the adsorbents obtained in Preparations 1 0 and 1 5 to 21 . 50 
Each adsorbent (8 ml) was washed with 1 .5 M aqueous sodium chloride and packed in a sterilized column 
(inner diameter: 13 mm, length: 100 mm). The column was successively washed with 1 .5 M aqueous sodium 
chloride (250 ml), pure water (100 mi) and 0.05 M aqueous sodium chloride (100 ml), all of which being 
pyrogen free. A solution of a pyrogen in 0.05 M aqueous sodium chloride (400 ml, containing 1 ,000 ng of 
55 Escherichia co// 01 28: B 12, LPS perl ml of the solution) was passed through the column at a flow rate of SV 55 
= 12. The concentration of the pyrogen in the effluent was measured. The results are shown in Table 3. 
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TABLE 3 



10 



15 



20 



25 



30 



No. Adsorbents 



Adsorbent of Preparation 10, (ligand: 
5-methylcytosine, carrier: carboxy- 
hexylagarose) 

Adsorbent of Preparation 15 (ligand: 
histamine, carrier: aminoethyl- 
celluiose) 

Adsorbent of Preparation 16 (ligand: 
histamine, carrier: aminobutyl- 
cellulose) 

Adsorbent of Preparation 17 (ligand: 
histamine, carrier: aminoethyl- 
cellulose) 

Adsorbent of Preparation 18 (ligand: 
histamine, carrier: aminobutyl- 
cellulose) 

Adsorbent of Preparation 19 (ligand: 
histamine, carrier: aminohexyl- 
cellulose) 

Adsorbent of Preparation 20 (ligand: 
histamine, carrier: aminooctyl- 
cellulose) 



Concentration 
of pyrogen 
(ng/ml effluent) 



5.0 



4.6 



0.46 



0.06 



0.24 



0.05 



0.18 



10 



15 



20 



25 



30 



35 



Adsorbent of Preparation 21 (ligand: 
histamine, carrier: aminodecyl- 
cellulose) 



1.6 



40 



45 



50 



55 



60 



65 



Example 22 

The adsorbent obtained in Preparation 23 (ligand: histamine, carrier: styrene-divinylbenzene copolymer, 8 
ml) was packed in a column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the 
same manner as described in Example 1 . When a solution of a pyrogne in 0.05 M aqueous sodium chloride 
(100 ml, containing 100 ng of Escherichia co//0128: B12,LPS perl ml of the solution) was passed through 
the column at a flow rate of SV = 1 2, the concentration of the pyrogen in the effluent was 1 .4 ng/ml. 

Example 23 

The adsorbent obtained in Preparation 24 (ligand: histamine, carrier: styrene-divinylbenzene copolymer, 8 
ml) was packed in a column (inner diameter: 13 mm, length: 100 mm) and washed in the same manner as 
described in Example 1. When a solution of a pyrogen in 0.05 M sodium chloride (100 ml, containing 100 ng 
of Escherichia coli 0128: B 12, LPS per 1 ml of the solution) was passed through the column at a flow rate of 
SV = 12, the concentration of the pyrogen in the effluent was 1.8 ng/ml. 

Example 24 

The adsorbent obtained in Preparation 25 (ligand: histamine, carrier: styrene-divinylbenzene copolymer, 8 
ml) was packed in a column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the 
same manner as described in Example 1 . When a solution of a pyrogen in 0.05 M aqueous sodium chloride 
(100 ml, containing 100 ng of Escherichia coli 0128: B 12, LPS perl ml of the solution) was passed through 
the column at a flow rate of SV = 12, the concentration of the pyrogen in the effluent was 1.3 ng/ml. 

Example 25 

Each adsorbent obtained in Preparation 26 to 28 (8 ml) was packed in a column (inner diameter: 13 mm, 
length: 1 00 mm) and the column was washed in the same manner as described in Example 1 . A solution of a 
pyrogen in 0.05 M aqueous sodium chloride (400 ml, containing 1,000 ng of Escherichia coli 0128: B 12, LPS 
per 1 ml of solution) was passed through the column at a flow rate of SV = 12. The concentration of the 
pyrogen in the effluent was measured. The results are shown in Table 4. 



35 



40 



45 



50 



55 



60 
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TABLE 4 



10 



15 



30 



No. Adsorbents 



Adsorbent of Preparation 26 (ligand: 
urocanic acid, carrier: aminohexyl- 
agarose) 

Adsorbent of Preparation 27 (ligand: 
orotic acid, carrier: aminohexyl- 
agarose) 

Adsorbent of Preparation 28 (ligand : 
uracil, carrier: aminohexylagarose) 



Concentration 
of pyrogen 
(ng/ml effluent) 



0.02 



0.15 



11 



Example 26 

20 The absorbent obtained in Preparation 29 (ligand: histamine, carrier: styrene-dinvinylbenzene copolymer, 
8 ml) was packed in a column (inner diameter: 13 mm, length: 100 mm) and the column was washed in the 
same manner as described in Example 1 . When a solution of a pyrogen in 0.05 M aqueous sodium chloride 
(100 ml, containing 100 ng of Escherichia co//0128: B12, LPS perl ml of the solution) was passed through 
the column at a flow rate of SV = 1 2, the concentration of the pyrogen in the effluent was 4.9 ng/ml. 



25 



Example 27 

Each adsorbent obtained in Preparations 31, 33 and 37 (8 ml) was packed in a column (inner diameter: 13 
mm, length: 1 00 mm) and the column was washed by the same manner as described in Example 1 . A 
solution of a pyrogen in 0.05 M aqueous sodium chloride (100 ml, containing 100 ng of Escherichia coli 0128: 
B 12, LPS per 1 ml of the solution) was passed through the column at a flow rate of SV = 12. The 
concentration of the pyrogen in the effluent was measured. The results are shown in Table 5. 

TABLE 5 



10 



15 



20 



25 



30 



35 



40 



45 



No. Adsorbents 



Adsorbent of Preparation 31 (ligand: 
orotic acid, carrier: aminoethylated 
styrene-divinylbenzene copolymer) 

Adsorbent of Preparation 33 (ligand: 
orotic acid, carrier: aminohexylated 
styrene-divinylbenzene copolymer) 

Adsorbent of Preparation 37 (ligand: 
histamine, carrier: aminopropylated 
polyvinyl alcohol) 



Concentration 
of pyrogen 
(ng/ml effluent) 



8.4 



9.9 



7.6 



50 



35 



40 



45 



50 



CLAIMS 



1 . A method for at least reducing the pyrogen content of a pyrogen-containing solution by contacting the 
solution with an adsorbent comprising a water-insoluble carrier and a nitrogen-containing heterocyclic 
55 compound of theformula: 



60 



65 



R-A-X 



(I) 



wherein R is a nitrogen-containing heterocyclic group; A is a single bond, alkylene or alkenylene; X is 
hydrogen or a functional group; and the heterocyclic group and alkylene may be optionally substituted by 
one or more substituents, and the compound (I) being bonded to the carrier directly or through a spacer. 

2. A method according to claim 1 wherein R is a nitrogen-containing heterocyclic group having an 
imidazole nucleus, pyrazole nucleus, pryimidine nucleus, pyridazine nucleus, pyrazine nucleus, purine 
nucleus, acridine nucleus, triazole nucleus, oxadiazole nucleus, tetrazole nucleus, indazole nucleus, 
benzotriazole nucleus, benzopyridazine nucleus, benzopyrimidine nucleus, benzopyrazine nucleus or 



55 



60 



65 
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naphthyridine nucleus; A is a single bond, an alkytene group having 1 to 12 carbon atoms or an alkenylene 
group having 2 to 12 carbon atoms; X is hydrogen, amino, hydroxy or carboxyl. 

3. Am thod according to claim 1 or 2 wherein R is a nitrogen-containing heterocyclic group having an 
imidazol nucleus, pyrimidine nucleus, purine nucleus or acridin nucleus; A is single bond, thylene r 

5 ethylene substituted with carboxyl; and X is hydrogen, amino, carboxyl or hydroxy. 5 

4. A method according to claim 1 , 2 or 3 wherein the nitrogen-containing heterocylic compound (I) is 
uracil, orotic acid, cytosine, 5-methylcytosine, 2-amino-4,6-dimethylpyrimidine, 2-amino-4-hydroxy-6- 
methylpyrimidine, adenine and 6,9-diamino-2-ethoxyacridine. 

5. A method according to claim 1 , 2 or 3 wherein the nitrogen-containing heterocyclic compound (I) is 

10 histidine, histamine or urocanic acid. 10 

6. A method according to claim 1 , 2, 3, 4 or 5, wherein the water-insoluble carrier has a hydroxy group, 
amino group, carboxyl group or a halogen atom in the molecule thereof. 

7. A method according to any of claims 1 to 6 wherein the water-insoluble carrier is a hydroxy a Iky I poly- 
styrene resin, a polyvinylalcohol, a p-aminoben2ylpolysaccharide, chitosan, an aminoalkylpolystyrene resin, 

15 a polyacrylamide, an aminoalkylpolyacrylamide, an aminoalkyl-porous glass, a carboxyalkylpolyacrylamide, 15 
a carboxylic acid resin or a halogeno-alkyl-polystyrene resin. 

8. A method according to any of claims 1 to 6 wherein the water-insoluble carrier is a polysaccharide, an 
aminoalkylpolysaccharide or a carboxyalkylpolysaccharide. 

9. A method according to claim 8 wherein the water-insoluble carrier is cellulose, agarose, an 

20 aminoalkylcelfuiose, an aminoalkyiagarose, a carboxyalkylcellulose or carboxyalkylagarose. 20 

10. A method according to any of claims 1 to 9 wherein compound (I) is bonded to the water-insoluble 
carrier directly or through a spacer by a diazo linkage or an acid-amide linkage or by means of at least one of 
cyanogen halide, a monoepoxide, a bisepoxide, a halogenoacetyl halide, cyanuric halide and an aliphatic 
dialdehyde. 

25 1 1 . A method according to any of claims 1 to 9 wherein compound (I) is bonded to the water-insoluble 25 

carrier directly or through a spacer by a diazo linkage or an acid-amide linkage or by means of at least one of 

cyanogen bromide, epichlorohydrin, cyanuric chloride and glutaraldehyde. 

12. A method according to claim 10 or 11 wherein the spacer is NH 2 (CH2)nNH 2 , NH 2 (CH 2 ) n COOH, 

NH 2 {CH 2 ) n OH or HOOC(CH 2 ) n COOH, wherein n is an integer of 1 to 12. 
30 13. A method according to any of claims 1 to 12 wherein compound (I) is bonded in an amount of about 2 30 

to about 300 \i mol per gram (wet form) of the adsorbent. 

14. A method according to any of claims 1 to 13 wherein the pyrogen -containing solution has a pH of 4 to 
10 and a specific conductivity of 0 to 10 m mho. 

15. A method according to any of the preceding claims wherein the pyrogen-containing solution is 

35 passed through a column packed with the adsorbent. 35 

16. A method according to claim 15 wherein the pyrogen-containing solution is passed through the 
column at a flow rate of 2 to 1 3 of space velocity. 

17. A method according to claim 1 5 or 1 6 wherein the ratio of pyrogen-containing solution to adsorbent 
is about 5 to about 1500 millilitres of solution per millilitre of adsorbent. 

40 18. A method according to any of claims 1 to 14 wherein the pyrogen-containing solution is added to the 40 
adsorbent, the mixture is stirred and the solution is separated from the adsorbent. 

19. A method according to claim 18 wherein the ratio of pyrogen-containing solution to adsorbent is 
about 5 to about 50 millititres of solution per millilitre of adsorbent. 

20. A method according to any of the preceding claims wherein the pyrogen-containing solution and the 
adsorbent are contacted at 4°C to 50°C. 45 

21 . A method for at least reducing the pyrogen content of a pyrogen-containing solution substantially as 
herein described with reference to and as illustrated in any of the Examples. 



45 
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